We recently reported a new metabolic competency for Escherichia coli, the ability to degrade and utilize fatty acids of various chain-lengths as sole carbon and energy sources (Campbell, J. 
well as enzyme activation, cell signaling, and transcriptional regulation (1) . Consistent with the diverse roles of acyl-CoA synthetases (ACSs) in cell metabolism, many eukaryotic organisms encode several different ACSs that specifically activate short (C6-C8), medium (C10-C12), long (C14-C20), or very long (>C22) chain-length fatty acids (1, 2) . Moreover, some organisms possess multiple enzymes for each set of acyl chainlengths. In contrast, only a single ACS called FadD has been reported in E. coli, although, multiple ACS isoforms of varying molecular masses recently shown to be artifacts of proteolysis (3) had been reported (4, 5) . E. coli FadD has been purified to homogeneity (6, 7) and has a broad substrate specificity for fatty acids of medium and long chain-lengths. Activation of long chain fatty acids to their acyl-CoA thioesters is required not only for aerobic degradation of the acids, but also for induction of the fad (fatty acid degradation) genes that catalyze the degradation process. In the absence of 9 studied aerobic pathway in a number of properties. These are: i) mutational studies demonstrated that several of the fad enzymes (FadD, FadBA and FadE) required for the aerobic pathway are not required for anaerobic growth on fatty acids, ii) the anaerobic fatty acid oxidation pathway is not under the control of FadR, the major regulator of the aerobic fad regulon, and iii) fatty acids of different chain-lengths are utilized by the two pathways (8) . We identified two gene clusters encoding putative homologues of several fad enzymes, yfcYX and ydiQRSTD. The yfcYX operon encodes putative homologues for fadBA, and was renamed fadIJ (8) . The ydiQRSTD operon contains several ORFs encoding proteins that could also play a role in anaerobic ß-oxidation. Proceeding upstream from ydiD, the genes encode a putative ferrodoxin (YdiT), a flavoprotein (YdiS) that could accept electrons and use these to reduce a quinone, and two proteins (YdiR and YdiQ) that seem likely to form a heterodimeric electron transport flavoprotein complex that might transfer electrons to YdiS. There is also a putative acyl-CoA dehydrogenase, ydiO, located immediately upstream of the ydiP gene (a possible AraC-like regulator of the ydiQRSTD operon). The proteins encoded by the ydiQRST genes have high sequence homologies to those encoded by the fixABCX operon of anaerobic carnitine metabolism (17) , and may function as the electron transport chain linking the ß-oxidation of fatty acids with the respiratory chain. The last gene of this putative operon is ydiD which we renamed fadK and argued was likely to encode an ACS (8) . This argument was based on the fact that FadK can be aligned with the FadD over its entire length (albeit with many gaps) and contains plausible AMP and FACS motifs. Furthermore, the double fadD fadK mutant failed to grow on fatty acids under either aerobic or anaerobic conditions (8) , although fadD mutants grew on fatty acids 10 under anaerobic conditions. These results indicated that FadK could functionally replace FadD under anaerobic conditions. However, fadD mutants are unable to grow on long chain fatty acids aerobically (8, 18, 19) and thus the failure of FadK to replace FadD under aerobic conditions was attributed to insufficient expression of FadK or to impairment of enzyme function.
We report that FadK is indeed an ACS that is primarily active on short chain fatty acids.
FadK is not expressed under aerobic growth conditions. The enzyme is expressed under anaerobic conditions, but the level of expression depends on the terminal electron acceptor available.
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Construction of plasmids and bacterial strains − All bacterial strains were derivatives of E. coli K-12 (Table 1) . Strains RMK73 and RMK76 were constructed from strain MC1061 (24) by the λ Red-mediated recombination method of Datsenko and Wanner (25) using helper plasmid pKD46. The chloramphenicol acetyltransferase gene from plasmid pKD3 and the kanamycin resistance gene from pKD4 were amplified via PCR using primers pKD-fadK-L plus pKDfadK-R or pKD-fadD-L plus pKD-fadD-R ( Table 2 ). The resulting PCR products were then used to replace the entire coding sequence of fadK or fadD with the chloramphenicol acetyltransferase or kanamycin resistance genes. Several antibiotic-resistant transformants were verified by colony PCR using primers fadK-C1 plus fadK-C2 or fadD-C1 plus fadD-C2 (Table   2) for strains RMK73 or RMK76, respectively. The antibiotic resistance cassettes were removed using the FLP recombinase encoded on the temperature sensitive helper plasmid, pCP20 (26) . Strain RMK92 was produced by P1 transduction of the fadD::kan phenotype from RMK89 into strain BL21DE3/pLysS. The fadD mutation was verified by the inability of strain RMK92 to grow on oleate as a sole carbon source. Transduction with phage P1vir and other basic genetic techniques were carried out as described previously (8) . 6 -tagged FadK and FadD − The fadD and fadK genes of strain MG1655 were amplified via PCR using PfuTURBO polymerase (Stratagene) under standard PCR reaction conditions using primer set pET16b-fadD-L plus pET16b-fadD-R for fadD and primer set pET16b-fadKLM1 plus pET16b-fadK-R for fadK ( Table 2 ). The resultant 1.6 kb PCR products were purified via Qiagen spin columns and cloned into pCR2.1 (Invitrogen, Carlsbad, CA). The inserts of the resultant plasmids were sequenced to verify the fidelity of the cloned PCR products. Two of the sequenced plasmids were digested with NdeI
Construction of genes encoding His
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and BamHI (sites within the primers) and ligated to pET16b cut with the same enzymes to give in-frame fusions of the sequence encoding the His 6 tag of pET16b with the 5' end of fadK or fadD in plasmids pRK34 and pRK41, respectively (Table 1) .
Tagging of the chromosomal fadD and fadK genes − To facilitate monitoring of the protein expression levels of FadD and FadK during growth the chromosomal genes were directly tagged with a sequence encoding a C-terminal hexameric histidine tag based on the Datsenko and Wanner method (25) for constructing gene deletions. A linear PCR product was synthesized from the CAT gene of pKD3 using modified primers. The upstream primer contained a sequence encoding six histidine codons followed by a stop codon. This sequence was flanked by 40 to 45 bp of homology to the 3' end of either fadD or fadK (with the natural stop codon removed) as well as homology to the P1 region of the pKD3 plasmid (25) . The downstream primer was designed to contain 40 to 45 bp of homology to the region about 50 bases downstream of the 3' end of the gene plus the P2 region of the pKD3 plasmid (25) . The primer set FadK-HIS-L plus FadK-HIS-R was used to construct the fadK-his 6 fusion, and primer set FadD-HIS-L plus FadD-HIS-R was used to construct the fadD-his 6 fusion ( Table 2 ). Correct insertion of the hexameric histidine tag was verified by PCR, sequencing (data not shown), and western blot analyses (see below). 6 -FadD and His 6 -FadK − Strain RMK92/pLysS was transformed with plasmids pRK34 or pRK41 encoding either His 6 -FadD or His 6 -FadK, respectively. Cultures (50-250 ml) were grown in LB broth supplemented with 12 µg/ml Timentin at 30ºC until an OD of about 1 was reached and then induced with 1 mM isopropyl-ß-D-thiogalactopyranoside for 2.5 h. The cells were harvested by centrifugation at 4,000 x g for 10 min. The pellets were resuspended (4-fold concentration) in ice cold 20 mM Tris-HCl (pH 8.0) and centrifuged for 5 min at 4000 x g. The pellets were stored at -80ºC until further use.
Expression and purification of His
All further purification steps were performed at 5ºC.
For purification of the His-tagged enzymes frozen pellets were thawed on ice for 15 min prior to the addition of 5-10 ml of buffer A (50 mM NaH 2 PO 4 , pH 8.0, 300 mM NaCl) containing 10 mM imidazole and 2 mM phenylmethylsulfonyl fluoride. Lysozyme (1 mg/ml) was added and after 1 h of incubation on ice the cells were disrupted via sonication (three 20 s pulses). The lysates were centrifuged at 10,000 x g for 30 min. and 1-3 ml of Ni 2+ -NTA resin (QIAGEN, Inc., Valencia, CA) was added to the resultant supernatant. The slurry was rotated slowly at 5 ºC for 90 min and the resin was loaded into a 5 ml column and washed with 5 volumes of Buffer A containing 20 mM imidazole. The His 6 -tagged protein was eluted by 1 ml of buffer B (50 mM sodium TES, pH 8.0 containing 300 mM NaCl) and 250 mM imidazole. The elution was repeated 2 or 3 times. The purity of the samples was monitored via SDS-PAGE (27) . To remove trace amounts of contaminating phosphate, the purified enzyme preparations were dialyzed in a Pierce Slide-A-Lyzer cassette (Pierce) against two changes of buffer B for 12 h at 5ºC. Following dialysis, 10 mM 2-mercaptoethanol and 10% glycerol were added prior to storage at -80ºC.
Coupled spectrophotometric assay for acyl-CoA synthetase activity − Acyl-CoA synthetase activity was assayed by monitoring the inorganic pyrophosphate (PPi) produced in the first half reaction (28) . Pyrophosphate production was assayed as phosphate using a commercial For analysis by scintillation counting, the reaction was terminated by the addition of 1 ml of isopropanol:n-heptane:1 M H 2 SO 4 (40:10:1, by volume). The residual radioactive free fatty acid was removed by extraction with n-heptane. The aqueous fraction was then counted in a Beckman-Coulter LS6500 Scintillation Counter to measure synthesis of fatty acyl-CoA (or fatty acyl-AMP when CoA was omitted from the assay).
HPLC analysis was performed on a Waters C 18 column (30). The starting condition was 98.8% 50 mM ammonium acetate (pH 5.0) and 1.2% acetonitrile, followed by a gradient of 55% ammonium acetate /45% acetonitrile over 5 min and then undiluted acetonitrile for 40 min.
Radioactivity was monitored by an in-line Beckman 110B Radioisotope Detector with a flowthrough scintillation counter. ACS activity was also monitored via thin layer chromatography.
The reaction mixture was essentially as described above except that the reaction volume was scaled down to 15 µl. Following incubation of the reaction mixture for 15 min at room temperature, reactions were quenched with 5% acetic acid and loaded on a silica gel thin layer chromatography plate. The products were separated in n-butanol:acetic acid:water (80:25:40) at 4°C for about 5 h according to Trivedi et al. (31) . Radiolabeled products were visualized by exposing the TLC plate to Kodak XAR film for 2 to 3 days.
SDS-PAGE and western blotting − Samples from whole cell extracts, or the soluble and insoluble fractions were prepared for SDS-PAGE analysis by solubilization by boiling for 5 min in cracking buffer (60 mM Tris-HCl, pH 6.8; 1% 2-mercaptoethanol; 10% glycerol; 0.01% bromophenol blue; 1% SDS). The extracted proteins were loaded on an equal protein basis and separated on an 8% resolving/4% stacking polyacrylamide gel using a Mini-Protean II apparatus (Bio-Rad). Proteins separated by PAGE were then electrophoretically transferred to 
RESULTS
FadK has strong sequence similarities to ACS Proteins -The crystal structure of Salmonella enterica acetyl-CoA synthetase (32) reported after submission of our prior paper (8) provided structural explanations for the conservation of two ACS motifs called A5 (which lies within a motif called AMP2) and A8 that are found in FadK (Fig. 1A) . The A5 sequence is involved in binding the acyl-adenylate intermediate and A8 is involved in binding of both acyl-adenylate and CoA. These data strongly indicated that FadK is an ACS, as we had proposed (8) . A third motif called AMP1 that includes a motif called A3 is also present in FadK. However, rather than binding the acyl-adenylate as previously assumed, the AMP1 motif forms a surface loop in acetyl-CoA synthetase that probably binds the pyrophosphate formed in the first partial reaction (32) . Although FadK contains only 15 of the 25 residues of the FACS signature motif (15) (DGWLHTGDIGXWXPXGXLKIIDRKK), that overlaps the N-terminal end of the A8 motif (see Fig. 10 ) eight of the ten highly conserved residues of this motif are found in FadK, including the three underlined invariant glycine residues. Finally, the A10 motif containing the conserved Gly-Lys dipeptide is located near the FadK C-terminus as seen in other ACSs (data not shown). Given these data plus our prior in vivo studies (8) , it seemed clear that FadK was an ACS. However, the activity and specificity of the enzyme remained to be directly demonstrated. Therefore, we purified FadK to homogeneity and compared the enzyme with E.
coli FadD, a well-studied and more typical member of the ACS family.
Purification and properties of His-tagged FadK and FadD proteins-To test FadK for ACS
activity we constructed two genes encoding N-terminal hexameric histidine (His 6 )-tagged forms of the protein (His 6 -FadKM1 and His 6 -FadKM2). Two constructs were made because two potential fadK translational initiation sites are located downstream of ydiT (Fig 1B) . Both methionine codons are conserved in a number of related bacteria (data not shown) and thus the functional initiation codon was determined empirically by constructing genes that encoded proteins beginning at either the upstream ATG codon (protein His 6 -FadKM1) or at the downstream ATG codon (protein His 6 -FadKM2). For comparison a gene encoding FadD with an N-terminal His 6 -tag (His 6 -FadD) was also made. It was found that expression of the tagged forms of FadK and FadD was optimal in cultures grown at 30°C. The His 6 -tagged proteins were purified to over 95% homogeneity using Ni 2+ -chelate chromatography. Both of the His 6 -FadK proteins had apparent masses of 63 kDa on SDS-PAGE, a value slightly smaller than His 6 -FadD (68 kDa). Since the predicted molecular masses of the His 6 -tagged proteins were about 64 kDa, it seems that these proteins have somewhat atypical SDS-PAGE migration rates, possibly due to the hexahistidine tag. The preliminary characterization of the ACS activities of the purified His 6 -tagged proteins used an enzyme-coupled assay that monitored the production of pyrophosphate dependent on oleate, CoA, and ATP. The specific activity of His 6 -FadKM1 was 2.5-fold greater than that of His 6 -FadKM2, although both proteins had much lower levels of activity than did His 6 -FadD. Moreover, in the spectrophotometric assay the activity of His 6 -FadKM2 decreased with increasing protein concentration when protein concentrations exceeded 2 µg/ml (data not shown). This together with the finding that reaction mixtures containing >5 µg/ml of His 6 -FadDM2 became cloudy during the reaction indicated aggregation of the protein (data not shown) suggesting that the upstream start codon was the start site used in vivo. (Table 3) . His 6 -FadK had low activity on medium-or long-chain fatty acids and was maximally active on C6:0 and C8:0 substrates (Fig. 3A) . In contrast, His 6 -FadD activity was highest with fatty acid substrates of >10 carbon atoms (Fig. 3B) in agreement with previous reports (7). (Fig. 4C, peak 2 ). In agreement with the spectrophotometric (data not shown) and radioactive extraction assays (Fig.   3 ) the HPLC-based enzyme assay indicated that His 6 -FadK was significantly less active than His 6 -FadD (Fig. 4) . However, FadK clearly catalyzed acyl-CoA synthesis. In the presence of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C]oleate and other required reaction components, a radiolabeled product was detected that had the same retention time as an oleoyl-CoA commercial standard (Fig. 4B, peak 2) . However, when CoA was added to the reaction mixture, the R F of the product shifted to 0.51 (Fig. 5) , the migration position of an acyl-CoA (31) . Similarly, when [1- (Fig. 5) . However, when oleate was the substrate both oleoyl-AMP and oleoyl-CoA product were detected (Fig. 5 ). Finally, we tested for His 6 (Fig. 4 and 5, Table 3 ), the former possibility was excluded and we turned to the measurement of FadK expression. To facilitate these measurements we constructed RMK96, a strain that encodes a C-terminal His 6 -tagged FadK expressed at the normal chromosomal location. A similar fadD-his 6 fusion in a strain called RMK97 was also constructed. Neither strain had a growth phenotype when grown on the appropriate fatty acids indicating that the presence of the His 6 -encoding sequence did not have detrimental effects on enzyme function.
Cultures of strain RMK96 were grown aerobically in RB-MOPS medium in the presence or absence of either glucose or short (C8) versus long (C18:1) chain fatty acids. The cells were broken by sonication and the resulting lysates were separated into soluble and insoluble fractions by centrifugation. These fractions were then analyzed by SDS-PAGE followed by by guest on August 17, 2017 http://www.jbc.org/ Downloaded from western blot analysis with an antibody that recognizes a His 5 peptide sequence (Fig. 6 & 7) .
Densitometric quantitation was also performed on the western blots (Fig. 8) . Using this assay we detected only trace levels of FadK-His 6 in aerobic cultures grown under any conditions tested (Fig. 6 A, B & 8 A) . When cultures were grown under anaerobic conditions FadK-His 6 was detected, but the levels of expression varied with the terminal electron acceptor supplied.
In the presence of nitrate FadK-His 6 protein levels were low under all growth conditions (Fig.   7A ,C) whereas in the presence of fumarate FadK-His 6 was present in the insoluble fraction at relatively high levels under all growth conditions (Fig. 7D) . In addition to the electron acceptor dependence, FadK-His 6 expression was also dependent on the growth phase at which the cells were harvested. During log phase anaerobic growth expression of FadK-His 6 was repressed in the presence of glucose and modestly induced in the presence of oleate or octanoate (Fig. 8C) .
However, in stationary phase cultures roughly comparable levels of FadK-His 6 were seen regardless of the growth medium used (Fig. 8D ). Lastly, we were able to detect only a 45 kDa C-terminal fragment of FadK-His 6 irrespective of the growth conditions used. However, when the FadK-His 6 protein was purified from the insoluble fraction of fumarate-grown cultures by Ni-NTA chromatography, low levels of a full-length protein were detected (data not shown).
Therefore, it seems that under the experimental conditions used for the western blot analyses, most of the FadK-His 6 became cleaved.
It has been previously shown that FadD is cleaved by the OmpT outer membrane protease to give 19 kD N-terminal and a 43 kD C-terminal fragments (3), thus it seemed possible that FadK might also be specifically cleaved by OmpT. However, introduction of an ompT deletion mutation into the fadK-his 6 fusion strain gave no change in the cleavage pattern of the His-tagged proteins of fumarate-grown cells (data not shown). Moreover, addition of OmpTcontaining cell lysates to those from the ompT fadK-his 6 strain (3) also failed to change the cleavage pattern (data not shown). These data indicated that cleavage of FadK is due to proteases other than OmpT.
We also examined fadD expression under the above growth conditions by use of a chromosomal fadD gene that encoded a His 6 -tag on the C-terminus of the protein constructed as described above. It has been previously reported that fadD expression is derepressed during stationary phase (33) and thus cells were harvested from both log and stationary phase cultures. Under aerobic growth conditions, two His-tagged bands were detected in lysates of strain RMK97 which expresses the 78 kDa FadD-His 6 fusion protein. One band was at the position expected for the full length protein with the second band at 50 kDa (Fig. 6 C,D) . However, the 50 kDa band was only present in the soluble fraction (Fig. 6C) . Thus, the 50 kDa band seemed likely to be the 42 kDa C-terminal fragment previously reported to be the result of OmpT-mediated proteolysis (3). This was confirmed in vivo by the absence of the 50 kDa band in a strain (RMK 99) containing the fadD-his 6 gene fusion as well as an ompT::kan null mutation (data not shown). Log phase growth in the presence of the long chain fatty acid, oleate, resulted in a 1.6-fold higher level of total FadD-His 6 protein relative to cells grown in the absence of fatty acids (Fig. 6 C, D & Fig. 8B ). In contrast stationary cultures had 1.2-to 2-fold increased levels of total FadD-His 6 protein when grown in either the presence or absence of fatty acids (Fig. 8B ).
The addition of glucose strongly repressed FadD-His 6 expression regardless of the growth phase (Fig. 6 C, D & Fig. 8B ) and addition of a short chain fatty acid (octanoate) also gave decreased expression for unknown reasons. Therefore, the data for aerobic growth we obtained by use of by guest on August 17, 2017 http://www.jbc.org/ Downloaded from the chromosomal FadD-His 6 construct agree well with those previously obtained with a fadDlacZ construct (33) . Since there are scant data regarding the regulation of the fad regulon enzymes during anaerobic growth, we also measured FadD levels in cells grown under anaerobic conditions. In marked contrast to aerobically grown cultures only low levels of FadD-His 6 were detected in the insoluble fraction of cells grown under anaerobic conditions, regardless of the growth medium used (Fig. 7E-H & Fig. 8D ). In addition, the pattern of expression was dependent on the source of terminal electron acceptor used to support growth.
In nitrate-grown cultures FadD-His 6 expression was repressed in the presence of glucose and failed to be induced by the presence of oleate. Anaerobic cultures grown in either the presence or the absence of the fatty acids showed increased FadD expression in stationary phase in cultures grown in the presence of nitrate (Fig. 7E) . The FadD-His 6 protein levels of the fumarate-grown cultures of strain RMK97 were approximately uniform in growth media supplemented with either glucose or oleate during log phase, but were lower when grown in the presence of octanoate (Fig. 8D) . Furthermore, the FadD C-terminal fragment was more prevalent in the fumarate-grown cells than in the nitrate-grown cells and a second His-tagged band of approximately 45kDa was also detected (Fig. 6H) . Similar bands were also detected by Yoo et al. (3) and hence it is likely that the 45 kDa band is an additional C-terminal fragment.
DISCUSSION
We recently reported that E. coli has the ability to grow anaerobically on a wide range of fatty acid substrates as sole carbon and energy sources given the presence of an efficient terminal electron acceptor such as nitrate or fumarate (8) . Although these results disagreed with previous assumptions that the β-oxidative fatty acid degradation pathway does not function under anaerobic conditions (34), our findings were not surprising given that a natural environment of this organism, the mammalian bowel, is highly oxygen-limited and is often replete with fatty acids. We found that several E. coli fad mutants completely blocked in aerobic growth on fatty acids grew on fatty acids under anaerobic conditions and thus it was clear that an alternative pathway was involved in anaerobic fatty acid degradation. The minimum enzymatic requirements for a β-oxidation pathway are: i) enzymatic activation of free fatty acids to their CoA thioesters in order to facilitate chemistry at the ß-carbon of the acyl chain, ii) several enzymatic activities targeting the β-carbon that result in thiolytic cleavage of the chain, and iii) redox protein(s) linking the reducing equivalents produced by β-oxidation to the respiratory chain. As described in the Introduction two operons yfcYX and ydiQRSTD seemed likely to encode a full set enzymes for the anaerobic β-oxidative pathway. The last gene of the latter operon, ydiD (renamed fadK), encoded the putative ACS. Our prediction was based on the genetic and sequence analyses, but ACS activity had not demonstrated. We also argued that FadK should show a preference for short chain-length fatty acids because strains lacking FadIJ activity fail to grow on short chain fatty acids (8) and the FabBA proteins have only very weak activity on short chain substrates (35) . Therefore, the short chain preference of FadIJ would argue that the functionally-associated ACS should have a similar specificity for could be an intrinsic property of the enzyme or due to the fact that we have purified and studied FadK as a soluble protein whereas it is normally membrane-associated. However, FadD allows anaerobic growth of a strain carrying a fadK (ydiD) null mutation on octanoate in the presence of nitrate (8) . Since FadD is poorly expressed under these conditions (Fig. 7) and octanoate is a poor substrate for this enzyme (7) (Fig. 3) , it seems that only low levels of ACS activity are required for anaerobic fatty acid utilization.
FadK contains a region with high homology to a newly identified short/medium-chain acyl-CoA synthetase motif (36) that includes part of the FACS motif plus the A8 motif that could be involved in substrate specificity (Fig. 9) . Consistent with this notion, FadD aligns poorly with this motif. However, recent results argue that the FACS region has a more complex role than simple substrate binding. The recent acetyl-CoA synthetase crystal structure (32) shows this region to be the junction between the N-and C-terminal domains of the enzyme. Gulick and coworkers (32) propose that following acetyl-adenylate synthesis the C-terminal domain (Fig. 6) . Furthermore, during anaerobic growth FadK was minimally expressed when nitrate was provided as a terminal electron acceptor, but was highly expressed in the presence of fumarate suggesting that the electron transport chain responsible for oxidation of the reducing equivalents produced during anaerobic β-oxidative degradation of fatty acids may better utilize fumarate. (In our prior work (8) where cell growth was the indicator of gene expression the fact that fumarate is used as a carbon source as well as a electron acceptor obscured the greater expression on fumarate). Since fadK is encoded in an operon containing several putative flavoproteins (ydiQ, ydiR, ydiS) involved in an electron transport chain, it is reasonable to assume that transcriptional regulation of the operon would be governed by the presence of the preferred terminal electron acceptor. FadK was only detectable as a protease-cleaved form in the insoluble fraction suggesting that it may be a membrane associated protein, like FadD. A model has been put forth in which FadD is transiently associated with the inner membrane (15) . In this model the presence of long chain fatty acids results in FadD becoming membrane-associated in an active form, whereas in the absence of the inducer the enzyme has a cytoplasmic location and is inactive (15) . However, in the present study, regardless of the presence or absence of the inducer, the intact FadD was found by guest on August 17, 2017 
